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Abstract 
This paper proposes the replacement of a conventional Insulating-Metal-Substrate (IMS) dielectric layer with an electro-
conductive adhesive which is applied onto a treated aluminium heat sink. The adhesive based structure results in a lower 
thermal resistance of the system compared to IMS based on Aluminium. The model covers the investigation of two IMS 
structure with a Copper conductor layer with a thickness of 200µm, a dielectric layer of 50µm with different thermal 
conductivities and an Aluminium base layer with a thickness of 920µm. However, the IMS is placed onto a 100 x 100 x 33 mm 
Aluminium heat sink. The investigated adhesive based structure consists of the same Aluminium heat sink treated with an 
oxidation layer with a thickness of 50µm and an adhesive conductor layer with 30µm thickness. Furthermore, the use of 
forced convection to reduce the junction temperature of all three models is also considered.  
 
1 Introduction 
The optical performance and reliability of LEDs are 
influenced by the junction temperature of the LED itself, 
therefore reduction of the dissipated heat is a crucial point in 
high-power electronic applications [1] [2]. Hence, in recent 
years, FR4 PCBs have been replaced by IMS PCBs in 
thermal applications to ensure a better heat dissipation and 
performance of the system [3]. However, several approaches 
to use FR4 technology in thermal applications have been 
investigated. By adding thermal vias below the heat 
dissipating electronic components, it is possible to reduce 
the thermal resistance and to improve the thermal 
performance of the system [4] [5]. A typical IMS PCB 
consists of a high thermal conductive material, like 
Aluminium or Copper. Based on this material, an insulating 
layer is applied, which ensures an electrical insulation 
between the metal core and the conductor layer on top of the 
IMS PCB [3] [4]. Since the thermal conductivity of the 
insulating layer is very low [6] [7], several approaches to 
improve the thermal conductivity already have been 
investigated [1] [3] [4] [8]. Hence, the insulating layer is the 
most critical part in an IMS PCB from a thermal point of 
view [3] [6]. The result of applying an anodizing process to 
Aluminium is an insulating surface layer. This electro non-
conductive layer consists of hexagonal structures with a 
pore in the middle of each cell [9] [10]. These anodized 
coatings are usually applied to Aluminium to prevent the 
base material from environmental influence (e.g. corrosion, 
abrasion, etc.). By applying Nickel coating to the base 
material, it is possible to increase the thermal conductivity 
of the insulation layer. The common thickness of Nickel 
based coatings is varied from 2µm to 125µm [11]. 
Moreover, by applying Diamond coating, the thermal 
conductivity of the insulating layer results in a better 
thermal performance than anodizes based and Nickel based 
coatings [9]. By treat the heat sink (Copper or Aluminium) 
of a thermal system with a non-electro conductive insulating 
layer, it is possible to apply electro conductive adhesive onto 
the surface. However, it is possible to apply this adhesive in 
a defined structure, which can be used as tracks to provide 
the electronic connection between the components of the 
desired system. Hence, it is not required to implement a 
PCB onto such a system. Due to the reduction of the thermal 
resistance of the new adhesive based structure, the junction 
temperature of the LED is lower than using a regular IMS 
PCB. Nevertheless, the implementation of forced convection 
is also considered in this model to decrease the junction 
temperature. 
A conventional IMS structure consists of a base layer with a 
high thermal conductive material (e.g. Aluminium or 
Copper). An insulation layer is applied between the base 
layer and the conductor layer on top of the IMS in order to 
provide a safe insulation between those two layers. The 
conductor layer consists of polymers and ceramics; this 
layer is required to prevent a short circuit from the base 
layer to the conductor layer. The electronic components are 
mounted onto the conductor layer. Therefore the conductor 
layer is made out of a high electro-conductive and high 
thermal-conductive material (e.g. Copper) to ensure a safe 
connection between the electronic components and efficient 
heat transfer.  
This paper provides a comparison between IMS based PCBs 
and the proposed adhesive based PCB. The models of both 
PCBs are simulated to analyse the influence of natural and 
forced convection on the heat transfer. 
2 Mathematical Background 
In the presented model, natural convection, forced 
convection and conduction is applied. 
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2.1 Convection 
Natural convection occurs only in fluids and describes the 
thermal energy between them. In general, two different 
types of convection can occur - buoyancy driven (natural) 
convection and forced convection [12]. Newton’s equation 
describes the natural convection as follows: 
 = ℎ( − )    (1) 
where  is the heat transfer,  the heat transfer area, ℎ the 
heat transfer coefficient.   the surface temperature and 
the temperature of the fluid away from the surface. 
2.2 Conduction 
Conduction is the heat transfer between two media (e.g. 
solids, liquids, gas) by contact. The rate of heat in a one 
dimensional system, is described by Fourier’s law as 
follows: 
 =  ∆

    (2) 
hence, 
 = − 

    (3) 
where  is the heat transfer rate,  the thermal conductivity, 
 the cross section of the transfer area, ∆ the temperature 
difference,   the length of the conduction path and   the 
heat flow rate in x-direction. 
3 Thermal Model Description 
The ambient temperature applied to all simulations is set to 
65°C. The thermal LED dissipation power is 7W transferred 
trough the heat sink with a size of 100 x 100 x 33 mm made 
out of Aluminum. Additionally, the temperature of both the 
heat sink and the PCB is set to an initial value of 25°C. 
3.1 IMS Model 
In the four simulated IMS models, the appropriate IMS PCB 
is assembled onto the Aluminum heat sink. The thickness of 
the conductor layer in each model is 200 µm, whereas the 
thermal conductivity of the conductor layer is 
385	. Moreover, in the first and second model the 
thickness of the dielectric layer is 50 µm and the thermal 
conductivity is 3  . However, the thermal 
conductivity of the third and fourth model is 5	, 
whereas the thickness in both models is 50 µm. 
Furthermore, the thickness of the base layer in all models is 
920 µm with a thermal conductivity of 138 	 . 
Table 1 shows the data of the simulated IMS Cauer model. It 
can be seen, that the thermal capacitance of the junction, 
solder and the dielectric layer is negligible compared to the 
thermal capacitance of the conductor, core and heat sink. 
Hence, Figure 1 illustrates the Cauer model of the IMS 
PCB, where  is the thermal resistance between junction 
and solder, the thermal resistance between solder and 
conductor is describes as ,  is the thermal resistance 
between conductor layer and dielectric layer,   is the 
thermal resistance between dielectric layer and core,  is 
the thermal resistance between core and heat sink,   is 
the thermal resistance between heat sink and ambient 
temperature,   is the junction temperature, since   is the 
ambient temperature. Furthermore,   is the thermal 
capacitance of the conductor,  is the thermal capacitance 
of the core and  is the thermal capacitance of the heat 
sink. Table 2 shows an overview of the IMS models, 
whereas Figure 2 illustrates the cross section of the 
simulated IMS structure. Furthermore for the second and 
forth model, a forced convection with 2 is simulated. 
Table 1: IMS Cauer Model Data 
Layer     
 
µm KW-1 JK-1 Wm-1K-1 
Junction 250 0.43  . 	 ∙ 	 385 
Solder 250 2.87 . 	 ∙ 	 60 
Conductor 200 . 	 ∙ 	 1.2 385 
Dielectric 50 . 	 ∙ 	 . 	 ∙ 	 3 
Dielectric 50 .  ∙ 	 . 	 ∙ 	 5 
Core 920 . 	 ∙ 	 4.07 385 
Heat Sink 33,000 . 	 ∙ 	 810 192 
 
 
Figure 1: Cauer Model of Simulated IMS Thermal 
Resistance 
 
Figure 2: LED soldered on IMS PCB with the conductor 
layer assembled on the dielectric which is mounted on the 
Al-Core. 
3.2 Adhesive Based Model 
The Aluminum base in the two simulated adhesive based 
models is anodized. This anodizing results in a honeycomb 
structured surface of the Aluminum, which is electrically 
insulating. The simulated thickness of this anodized layer is 
50 µm, whereas the thermal conductivity is simulated with 
13.8 . By applying electro conductive adhesive to 
this insulating layer, it is possible to print tracks to the 
surface of the Aluminum. Therefore, the adhesive layer is 
simulated with a thickness of 30 µm and a thermal 
conductivity of 5 . 
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Table 2: IMS Model Overview 
  No. Conductor Dielectric Base 
Convec
tion 
 t λ t λ t λ  
 
µm Wm-1K-1 µm Wm-1K-1 µm Wm-1K-1 ms-1 
 1 200 385 50 3 920 138 0 
 2 200 385 50 3 920 138 2 
 3 200 385 50 5 920 138 0 
 4 200 385 50 5 920 138 2 
 
Table 3 shows the data of the simulated adhesive Cauer 
model. It is shown that the thermal capacitance of the 
junction, as well as the adhesive layer can be negligible 
compared to the heat sink. Furthermore, Figure 3 depicts the 
simulated thermal resistance circuit of the adhesive based 
model, where is the thermal resistance between junction 
and adhesive, the thermal resistance between adhesive and 
heat sink is described by ,  is the thermal resistance 
between heat sink and ambient, 	  is the junction 
temperature of the LED, whereas   is the ambient 
temperature. In addition,   represents the thermal 
capacitance of the heat sink. Furthermore, the sixth model is 
simulated with a forced convection of 2 . Table 4 
shows the overview of the simulated adhesive based models. 
It can be seen, that two models representing natural and 
forced convections are investigated. In addition, Figure  4 
shows the cross-section of the simulated adhesive based 
model. 
Table 3: Adhesive Cauer Model Data 
Layer t R C λ 
 
µm KW-1 JK-1 Wm-1K-1 
Junction 250 0.43  31.4	 ∙ 	10 385 
Adhesive 60 0.97 4.00	 ∙ 	10 13.5 
Heat Sink 33,000 17.18	 ∙ 	10 810 192 
 
 
 
Figure 3: Cauer Model of Simulated Adhesive Bases PCB 
Thermal Resistance 
 
 
Figure  4: LED assembled onto the adhesive layer, which is 
applied to the coated Al-Core 
Table 4: Adhesive Model Overview 
  No. Adhesive Coating Base 
Convec
tion 
 t λ t λ t λ  
 
µm Wm-1K-1 µm Wm-1K-1 µm Wm-1K-1 ms-1 
 5 30 5 50 13.8 920 138 0 
 6 30 5 50 13.8 920 138 2 
 
4 Simulation Results 
4.1 Natural Convection Model 
 
Figure 5: Natural Convection Simulation Result 
Figure 5 shows the junction temperature of the LED with 
the simulated PCB models under natural convection. It can 
be seen, that increasing the thermal conductivity of the 
dielectric layer from 3	 to 5 results in 
a reduced junction temperature of the LED. Nevertheless, 
the use of the adhesive based PCB will result in the lowest 
junction temperature. The steady-state junction temperature 
for the first model is 111.1°C, for the third model 110.9°C, 
however for the fifth model the junction temperature is 
109.7°C. 
4.2 Forced Convection Model 
The junction temperature of the forced convection model is 
illustrated in Figure 6. It can be seen that the steady-state 
junction temperature for the second model is 105.9°C, for 
the fourth model 105.8°C, furthermore for the sixth model 
104.8°C. 
4.3 Model Comparison  
Table 5 shows the junction temperatures of the natural 
convection models at steady-state condition. It can be seen, 
that the change of the dielectric conductivity from 
3 	  to 5   results in a junction 
temperature, which is 0.2°C lower. Furthermore, using 
adhesive based model, the steady-state junction temperature 
is 1.4°C lower compared to the first IMS model. 
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Figure 6: Forced Convection Simulation Result 
Table 5: Natural Convection Junction Temperature Results 
No. T 
 
°C 
1 111.1 
3 110.9 
5 109.7 
 
Additionally, Table 6 illustrates the steady-state junciton 
temperatures of forced convection models. By applying a 
forced convection of 2	 to the appropriate models, the 
junction temperature is in general lower than in natural 
convection model. However, the first model results in a 
maximum temperature in this simulation, whereas the 
results of the adhesive based models results in the lowest 
junction temperature. 
Table 6: Forced Convection Junction Temperature Results 
No. T 
 
°C 
2 105.9 
4 105.8 
6 104.8 
5 Conclusion 
In this paper, six PCB models have been simulated. Three 
models were simulated with a natural convection, whereas 
three models were simulated with forced convection. 
Moreover, the influence of thermal conductivity of dielectric 
layer in IMS PCBs has been shown and compared to the 
proposed adhesive based PCBs. The proposed adhesive 
based PCBs achieved the lowest junction temperature, in 
both natural convection model and forced convection model. 
By comparing the initial IMS model with a thermal 
conductivity of dielectric layer of 3   with the 
adhesive based model and a forced convection of 2	, a 
maximum Δ = 6.3° was achieved. 
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